The EPR spectra of photoinduced radical pairs excited by a laser with photon energies of 1.88, 2.22, and 2.75 eV in poly 3 dodecylthiophene modified by 6,6 phenyl C 61 butanoic acid methyl ester are measured and identified at 77-320 K for the first time. When the volume heterotransition is irradiated in the system, the simultaneous formation of spin charge carriers, polarons, and anion radicals of fullerene with dif ferent magnetic resonance parameters is detected. The number of radical pairs follows the activation law and increases with increasing photon energy. The spin lattice and spin spin relaxation times of the charge carriers are separately measured by the continuous saturation method. Dynamic parameters are found, and the mechanism of 1D polaron diffusion along the polymer chains and of the rotational diffusion of fullerene mol ecules about the distinguished axis is determined. The energy parameters of spin charge carriers differ, which indicates their weak interaction in this system.
INTRODUCTION
Conjugated polymers and their composites with fullerenes are promising for use in molecular electron ics, for instance, as an active matrix for plastic light emitting diodes [1] and field transistors [2] . One of the most important applications is solar energy conversion by means of plastic solar elements based on these com pounds [3] .
Soluble polythiophene (poly 3 alkyl thiophenes (P3ATs) and fullerene (6,6 phenyl C 61 butanoic acid methyl ester (PCBM)) derivatives are most often used as an active matrix of solar elements. Polymer macro molecules and fullerene molecules form the so called volume heterotransitions (i.e., individual heterotrans itions inside the polymer matrix) and can be effective electron donors and acceptors. When such a system is irradiated by visible light, the photoinduced electron detachment from the polymer chain and its transfer to the fullerene molecule occur [4] . This process is accompanied by the formation of a radical pair: a pos itively charged P +• polaron, characterized by a high 1D rate along the polymer chain, and a negatively charged fullerene anion radical. The positive charge is carried by a polaron and can recombinate with another fullerene anion radical. Charge separa tion takes several femtoseconds [5] , whereas their recombination takes longer [6] . It seems obvious that 1 This work was supported in part by the Russian Foundation for Basic Research (project no. 08 03 00133) and Scientific Poten tial Foundation (project No. 27 02 5). Both charge carriers photoinduced in the poly mer-fullerene system are characterized by a spin of S = 1/2; therefore their relaxation and dynamic prop erties can be analyzed by light induced electron para magnetic resonance (EPR) [4, 7] . The present work is devoted to EPR measurements of magnetic, relax ation, and dynamic parameters of polarons and fullerene anion radicals photoinduced in the poly 3 dodecylthiophene (P3DDT)-PCBM system by a laser beam with photon energies of hν ph = 1.88, 2.22, and 2.75 eV (h = is the Plank constant and ν ph is the photon frequency) in a wide temperature range. Weak interaction of the paramagnetic centers among themselves and their different interaction with the microenvironment are detected. This allowed us to separately determine the relaxation and dynamic parameters of both paramagnetic centers in the P +•radical pair and to analyze the dynamic processes with their participation in the composite. Some pre liminary results obtained in studies of this system by light induced EPR spectroscopy are described in [8] . EXPERIMENTAL In this study, we used regioregular P3DDT, Ald rich ® , and PCBM synthesized at the University of Groningen (the Netherlands). Both components in a weight ratio of 1 : 1 were dissolved in chlorobenzene to a concentration of 1%. The sample was a ceramic plate covered by a film with a size of ~4 × 8 mm 2 and a thick ness of ~0.1 mm obtained by drying the above solution on it.
In the EPR experiments, we used a PS 100X spec trometer with a 3 cm range (9.7 GHz) and modulation of a constant magnetic field of 100 kHz. The magnetic component value of the SHF field B 1 in the center of a resonator was found from an analysis of broadening of the EPR spectrum of a diphenylpicrylhydrazine single crystal by the method described in [9] .
The dark and light induced EPR spectra of the starting P3DDT and P3DDT⎯PCBM samples were measured in a range of 90 to 340 K using a BRT tem perature unit (constructed at the Special Design Bureau, Institute of Organic Chemistry, Russian Academy of Sciences) and a quartz dewar filled with liquid nitrogen at 77 K. Radical pairs in the P3DDT/PCBM sample were photoinduced directly in the SHF resonator of the EPR spectrometer by RLDH660 40 3 (λ = 660 nm, hν ph = 1.88 eV, P = 41 mW), MGM2 30 (λ = 530 nm, hν ph = 2.22 eV, P = 38 mW), and DPSSL 473 40 (λ = 450 nm, hν ph = 2.75 eV, P = 41 mW) solid state lasers produced by Roithner Lasertechnik (Austria). Noise in the EPR spectra was smoothed by accumulation of the signal at multiple (6-20) measurements of the spectrum. Para magnetic susceptibility was determined by double integration of the EPR spectra. The maximum error of measuring and simulating the bandwidth δ was ± 2 μT. The EPR spectra were simulated using the Bruker ® WinEPR SimFonia program.
RESULTS AND DISCUSSION

Magnetic Resonance Parameters
In a range of 77 to 340 K, paramagnetic centers in the starting P3DDT polymer are characterized by a weak dark EPR spectrum with an effective g = 2.0025.
The concentration of these paramagnetic centers did not change under illumination of the polymer. In PCBM, no dark or photoinduced EPR spectra were detected in the whole temperature range. Under laser illumination of the corresponding P3DDT/PCBM system, two overlapping light induced EPR signals arise, whose intensity depends on the temperature and energy of laser beam photons, hν ph (Fig. 1) . This caused the study of photoinduced spectra of the sys tem at T ≤ 200 K for hν ph ≤ 2.22 eV and at T ≤ 130 K for hν ph = 2.75 eV. The low field component of the spectrum was assigned to a positively charged polaron P +• diffused along the polymer chain with the isotro pic (effective) g factor, g iso = 2.0023, while the high field component of the spectrum was assigned to a negatively charged fullerene anion radical rotating around the distinguished axis with g iso = 2.0001. Based on a 2 mm waveband EPR study, we have shown [10] that the interaction between the unpaired electron of the polaron charge carrier and the sulfur heteroatom entering the structure of the link of poly 3 alkylth iophenes results in anisotropy of the PS g factor, g xx = 2.00409, g yy = 2.00332, and g zz = 2.00235. Data obtained in the 3 mm EPR range [11] indicate rhom bic symmetry of the spin density in the ion radical introduced into the polymer matrix, which also results in anisotropy of its g factor, g xx = 2.00031, g yy = 2.00011, and g zz = 1.99821. Deviation of the g fac tor from the g factor of the free electron (g e = 2.00232) occurs due to incomplete compensation of the orbital angular moment of this paramagnetic center. The asymmetric spin density distribution of the polaron and fullerene ion radical is also the cause of the tensor character of the bandwidth of paramagnetic centers [10, 11] . This was taken into account in a precise cal culation of the light induced EPR spectrum of the P3DDT⎯PCBM system. This calculation allowed the main values and the trace of g tensors to be deter mined for both charge carriers, which were g xx = 2.0032, g yy = 2.0022, g zz = 2.0014, and 〈g〉 = 2.0023 for P +• and g xx = 2.0006, g yy = 2.0003, g zz = 1.9994, and 〈g〉 = 2.0001 for . Table 1 presents 
